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Abstract 19 
Food neophobia is a highly heritable trait characterized by the rejection of foods that are 20 
novel or unknown and potentially limits dietary variety, with lower intake and preference 21 
particularly for fruits and vegetables. Understanding non-genetic (environmental) factors that 22 
may influence the expression of food neophobia is essential to improving children’s 23 
consumption of fruits and vegetables and encouraging the adoption of healthier diets. The 24 
aim of this study was to examine whether maternal infant feeding beliefs (at four months) 25 
were associated with the expression of food neophobia in toddlers and whether controlling 26 
feeding practices mediated this relationship. Participants were 244 first-time mothers (M = 27 
30.4, SD = 5.1 years) allocated to the control group of the NOURISH randomized controlled 28 
trial. The relationships between infant feeding beliefs (Infant Feeding Questionnaire) at four 29 
months and controlling child feeding practices (Child Feeding Questionnaire) and food 30 
neophobia (Child Food Neophobia Scale) at 24 months were tested using correlational and 31 
multiple linear regression models (adjusted for significant covariates). Higher maternal 32 
Concern about infant under-eating and becoming underweight at four months was associated 33 
with higher child food neophobia at two years. Similarly, lower Awareness of infant hunger 34 
and satiety cues was associated with higher child food neophobia. Both associations were 35 
significantly mediated by mothers’ use of Pressure to eat. Intervening early to promote 36 
positive feeding practices to mothers may help reduce the use of controlling practices as 37 
children develop. Further research that can further elucidate the bi-directional nature of the 38 
mother-child feeding relationship is still required. 39 
 40 
Keywords: child food neophobia; feeding practices and beliefs; Infant Feeding 41 
Questionnaire; Child Feeding Questionnaire.  42 
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Highlights 43 
• Lower awareness of infant cues was associated with food neophobia at age two years 44 
• Concern about infant under-eating was also associated with neophobia at two years 45 
• Pressure to eat mediated the relationships between these beliefs and neophobia  46 
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Introduction 47 
Food neophobia – the avoidance and rejection of novel foods – is a highly heritable 48 
trait (Cooke, Haworth, & Wardle, 2007; Faith, Heo, Keller, & Pietrobelli, 2013). For our 49 
prehistoric ancestors who foraged for food, an aversion to novel tastes promoted safety 50 
against the ingestion of potentially toxic items (Pliner & Hobden, 1992). In the contemporary 51 
western food environment, the risk associated with the consumption of novel foods has been 52 
predominantly eliminated (Pliner, Pelchat, & Grabski, 1993), thus food neophobia may be 53 
considered a maladaptive trait that hinders development of a range of food preferences and 54 
results in limited dietary variety (Falciglia, Couch, Gribble, Pabst, & Frank, 2000; Howard, 55 
Mallan, Byrne, Magarey, & Daniels, 2012; Pliner, et al., 1993; Russell & Worsley, 2008). 56 
However between 22-29% of the phenotypic variation in child food neophobia is accounted 57 
for by non-shared environmental factors (Cooke, et al., 2007; Faith, et al., 2013). Given the 58 
association between food neophobia in children and poorer food preferences and dietary 59 
outcomes, gaining a better understanding of the modifiable environmental determinants that 60 
influence the expression of neophobia in children is paramount.  61 
Limited dietary variety of food neophobic children leads to reduced dietary quality 62 
and lower nutrient intakes (Birch, Galloway, & Lee, 2003; Cooke, Carnell, & Wardle, 2006; 63 
Cooke, et al., 2004; Falciglia, et al., 2000; Russell & Worsley, 2008). Children with food 64 
neophobia have limited intakes, and liking, of fruits and vegetables (Cooke, et al., 2006; 65 
Cooke, et al., 2004; Howard, et al., 2012; Jones, Steer, Rogers, & Emmett, 2010). However 66 
food neophobic children consume just as many sweet, fatty and salty foods as food neophilic 67 
children (Cooke, Wardle, & Gibson, 2003). Liking for these foods is also not affected by 68 
level of neophobia (Howard, et al., 2012). These findings are not surprising given that infants 69 
display a preference for sweet and salty over bitter and sour tastes (Birch, 1998), and that 70 
humans have an innate preference for energy dense foods (Johnson, McPhee, & Birch, 1991). 71 
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Unhealthy childhood eating habits may interfere with optimal growth and development while 72 
laying the foundation for poor eating habits and associated chronic diseases in adolescence 73 
and adulthood. Food neophobia is therefore a potential risk factor for the development of 74 
lifelong unhealthy eating habits and non-communicable disease (Tan & Holub, 2012).  75 
Maternal feeding beliefs/attitudes and feeding practices have been associated with 76 
child eating behaviours and weight status (Faith, et al., 2013; Ventura & Birch, 2008). 77 
Feeding beliefs such as concern about infant under-eating and becoming underweight and 78 
poor awareness of infant hunger and satiety cues have been linked with less desirable feeding 79 
practices and health outcomes in children, including reduced self-regulation of intake 80 
(DiSantis, Hodges, Johnson, & Fisher, 2011) and increased weight status (Worobey, Islas 81 
Lopez, & Hoffman, 2009). Parents who use ‘controlling’ feeding practices attempt to dictate 82 
the amount or type of foods their children eat by encouraging the child to eat more food 83 
(pressure), limiting foods that are perceived as unhealthy to maintain health (restriction for 84 
health), or limiting foods in order to lose or maintain weight (restriction for weight) (Musher-85 
Eizenman & Holub, 2007). Previous research in a sample of mothers and their infants (N = 86 
208) showed that maternal concern about their child being underweight was associated with 87 
pressure to eat (Gross, Mendelsohn, Fierman, & Messito, 2011). A smaller study of mothers 88 
(N = 50) of infants aged 12-25 months found that mothers who perceived their infant as thin 89 
engaged in pressuring feeding practices (Holub & Dolan, 2012). These findings suggest that 90 
mothers who perceive their child as underweight use more pressuring feeding practices.  91 
There are data to suggest that low awareness of infant hunger/satiety cues is also 92 
related to controlling feeding practices. In a United States urban subpopulation study (N = 93 
368), “infant crying” and “hand sucking” were assigned as hunger cue by a majority of 94 
participating mothers (Gross, et al., 2010). These two perceptions were related to a pressuring 95 
feeding style and the belief that babies should finish their bottle (Gross, et al., 2011). Another 96 
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smaller study (N = 50) found mothers with low awareness of infant hunger and satiety cues 97 
were more likely to have restrictive rather than pressuring feeding styles (Holub & Dolan, 98 
2012). These data suggest that mothers who believe that their infants cannot regulate their 99 
own feeding may feel it is necessary to control the feeding interaction themselves (Holub & 100 
Dolan, 2012). Studies in older children also support the link between a lower awareness of 101 
infant cues and pressuring feeding practices (Orrell-Valente, et al., 2007; Sherry, et al., 102 
2004). Focus groups accessing attitudes, practices and concerns about child feeding in 103 
socioeconomically diverse white, Hispanic and African-American mothers of 2–4-year-old 104 
children showed that a majority of these mothers thought their children were lying when they 105 
said that they were full and thus they encouraged them to eat more (Sherry, et al., 2004). 106 
Similarly, home-based observations of 142 families of kindergarteners revealed that in 78% 107 
of families, parents did not consider their child’s appetite signals regarding the quantity they 108 
wanted to eat when serving meals (Orrell-Valente, et al., 2007).  109 
Controlling feeding practices in older children over 24 months have been a focus of 110 
existing research on food neophobia. In a cross-sectional questionnaire based study of 564 111 
parents of children aged two to six, food neophobia was related to parents’ use of the 112 
controlling feeding practices restriction for health and pressure (Wardle, Carnell, & Cooke, 113 
2005). This aligns with the cross-sectional study (N = 90) by Moroshko and Brennan (2013) 114 
who found that authoritarian feeding (high demandingness/low responsiveness), restriction 115 
and pressure to eat were significantly associated with the variance in food neophobia in 116 
children aged two to five.  Tan and Holub (2012) investigated this link in mothers (N = 85) of 117 
three to 12 year-old children, and found that food neophobia was positively related to higher 118 
use of restriction for health, but was not related to pressure or restriction for weight.  119 
Based on past literature we speculate that early feeding beliefs such as concern about 120 
under-eating and poor awareness of cues may precipitate the use of controlling feeding 121 
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practices and child neophobia. Thus the purpose of this study was to examine whether 122 
controlling feeding practices (pressure and restriction) mediate the hypothesized pathway 123 
between mothers’ early feeding beliefs (concerns about infant under-eating and poor 124 
awareness of infant cues) and the emergence of food neophobia in toddlerhood.  125 
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Methods 126 
Study design 127 
This paper reports a secondary analysis of data from participants allocated to the 128 
control condition of the NOURISH randomized controlled trial (RCT) (Australian and New 129 
Zealand Clinical Trials Registry Number 12608000056392). The NOURISH RCT evaluated 130 
an early feeding intervention designed to prevent childhood obesity. The trial involved first-131 
time mothers and their infants from two Australian capital cities, Brisbane and Adelaide The 132 
protocol has been described in detail (Daniels, et al., 2009). Eligible participants for the study 133 
were at least 18 years of age, had delivered a healthy term infant (≥ 37 weeks gestation) with 134 
a birth-weight above 2500 g, were willing and able to attend assessment and education 135 
sessions at designated metropolitan child health clinics, and had facility with written and 136 
spoken English. Mother-infant pairs were excluded if the mother had a documented history of 137 
domestic violence or intravenous substance use or self-reported eating, psychiatric disorders 138 
or mental health problems, or if the infant had any diagnosed congenital abnormality or 139 
chronic condition likely to influence normal development (including feeding behaviours). All 140 
eligible mothers were approached whilst they were still in hospital (Stage 1) to seek consent 141 
for later contact. Mothers who gave consent at Stage 1 were recontacted via mail when their 142 
infant was aged 2–7 months (Stage 2).  143 
Of those who consented to recontact and were contactable at Stage 2, 44% (N = 698) 144 
consented to participate and were allocated to the control or intervention group. Compared to 145 
non-consenters and non-contacts, allocated mothers were older (M = 30.1, SD = 5.3 vs. M = 146 
27.4, SD = 5.6), more likely to have completed a university degree (58% vs. 33), and more 147 
likely to have a spouse (either married or defacto; 95% vs. 88%). Data were collected at four 148 
time points: (i) at birth and first contact (ii) Time 1 (T1): baseline and prior to allocation; 149 
infant mean age = 4.3 (SD = 1.0) months; (iii) Time 2 (T2): infant mean age = 13.7 (SD = 150 
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1.3) months; and (iv) Time 3 (T3): infant mean age = 24.1 (SD = 0.7) months. Mothers who 151 
discontinued participation in the study (22% at T3) were younger (M = 28.0, SD = 5.5 vs. M 152 
= 30.6, SD = 5.2) and less likely to have a university degree (40% vs. 63%) than those who 153 
completed. Approval was obtained from the relevant Human Research Ethics Committees 154 
covering Queensland University of Technology, Flinders University and all recruitment 155 
hospitals (QUT HREC 00171 Protocol 0700000752) (Daniels, et al., 2009).  156 
 157 
Participants 158 
Data from participants allocated to the control group only (n = 346 at T1) are 159 
presented in this paper. Data collected at T1-T3 were used in this secondary analysis, thus the 160 
final sample size was reduced to 244 due to missing data.  161 
 162 
Measures 163 
Independent variables 164 
Early feeding beliefs 165 
The Infant Feeding Questionnaire (IFQ) (Baughcum, et al., 2001) was self-166 
administered by consenting mothers to assess current self-reported maternal feeding beliefs at 167 
T1. Original validation of the 20-item questionnaire as a retrospective measure of feeding 168 
practices during the first year of life revealed a seven factor solution (Baughcum, et al., 169 
2001). A number of alterations to the original questionnaire were required to make it suitable 170 
for an Australian sample with anticipated high rates of breastfeeding. The tense was changed 171 
from past to present to accommodate concurrent use, Australian wording adapted (e.g. “being 172 
unsettled” instead of “fussiness”), and a “not applicable” response category was added for 173 
three items that assumed formula feeding was occurring (e.g. adding cereal to the bottle). For 174 
the purposes of this study two of the original seven scales were selected to assess maternal 175 
  10 
feeding beliefs: Awareness of infant hunger and satiety cues (four items; e.g. “I know when 176 
my baby is hungry”; Cronbach’s α = .70), and Concern about infant under-eating and 177 
becoming underweight (four items, e.g. “I am worried that my baby will become 178 
underweight”; Cronbach’s α = .75). Items were measured on a five-point Likert scale from 179 
“never” (1) to “always” (5) with mean score derived for each scale.  180 
 181 
Potential Mediators 182 
Child feeding practices 183 
Mothers completed the Child Feeding Questionnaire (CFQ) (Birch et al., 2001) at T3. Two 184 
scales that specifically measure feeding practices were selected for the present study: 185 
Pressure to eat (four items, e.g., “My child should always eat all of the food on her plate”, 186 
Cronbach’s α = .74) and Restriction (eight items, e.g., “I have to be sure that my child does 187 
not eat too many sweets (candy, icecream, cake or pastries”, Cronbach’s α = .72). Items were 188 
measured on a five-point Likert scale from 1 (lowest) to 5 (highest) with mean score derived 189 
for each scale. 190 
 191 
Outcome variable 192 
Child food neophobia 193 
The Child Food Neophobia Scale (CFNS) is a validated 10-item scale that uses 194 
parental report to assess children's willingness to sample new foods, scores on which 195 
correlate highly with behavioural measures of neophobia (Pliner & Hobden, 1992). Four 196 
items were excluded from the original CFNS on the basis that they were inappropriate for the 197 
age range of the sample. Excluded items were: My child likes to eat in ethnic restaurants; My 198 
child likes foods from different countries; At dinner parties, my child will try different foods; 199 
Ethnic food looks weird to my child. The six remaining items were: My child does not trust 200 
  11 
new foods; If my child doesn’t know what’s in a food, s/he won’t try it; My child is afraid to 201 
eat things s/he has never tried before; My child will eat almost anything (reverse scored); My 202 
child is very particular about the foods s/he will eat, and My child is constantly sampling new 203 
and different foods (reverse scored). Responses were rated on a four-point Likert scale from 204 
“strongly disagree” (1) to “strongly agree” (4). Total child food neophobia score was 205 
computed (Cronbach’s α = .92), with higher scores indicating a stronger behavioural display 206 
of neophobia (Falciglia, et al., 2000; Pliner & Hobden, 1992).  207 
 208 
Covariates 209 
Maternal characteristics 210 
Maternal characteristics collected at first contact included maternal age at delivery 211 
(years) and education level (university education vs. no university education). During 212 
baseline assessment at T1, maternal weight and height were measured by trained study staff 213 
using standard procedures, and body mass index (BMI; kg/m2) determined. Mode of feeding 214 
was determined using a self-administered questionnaire at T1. Feeding type was divided into 215 
the following categories: breastfeeding (breastmilk with or without occasional water or 216 
juices), combination feeding (breast and formula feeding), and formula feeding only. 217 
Breastfeeding duration (weeks) was based on consideration of data from T1, T2, and T3. For 218 
the small proportion of mothers (8%) who were breastfeeding their child at T3, child age 219 
(weeks) at this time point was used as breastfeeding duration.  220 
Maternal food preferences were collected at T3 using an established tool (Wardle, 221 
Guthrie, Sanderson, Birch, & Plomin, 2001) that was adapted to reflect commonly consumed 222 
Australian foods (Howard et al., 2012). Mothers rated their food preferences for 56 listed 223 
food and beverage items from six groups (grain foods, vegetables, fruits, dairy, meat and 224 
meat alternatives, ‘other’ foods and beverages) on a five-point Likert scale ranging from 225 
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‘likes a lot’ (1) to ‘dislikes a lot’ (5). The food categories vegetables (23 items), fruits (17 226 
items) and non-core foods (27 items) were selected as covariates due to the association 227 
between their consumption (negative/positive) with food neophobia (Cooke, et al., 2006; 228 
Cooke, et al., 2004; Howard, et al., 2012; Jones, et al., 2010). Response options ‘dislikes a 229 
lot’ and ‘dislikes a little’ were combined to represent food ‘dislikes’. Percentage of 230 
vegetables, fruits and non-core foods ‘disliked’ from the selected list of items were 231 
calculated. 232 
 233 
Child characteristics 234 
Child gender and birth weight were collected from hospital records. Child weight and 235 
height were measured during follow-up assessments at T3 by trained study staff using 236 
standard procedures. Infant birth weight Z-score and BMI for age (T3) Z-score were adjusted 237 
for child age and sex according to World Health Organization (WHO) growth standards 238 
(WHO Multicentre Growth Reference Study Group, 2006) using the WHO Anthro software 239 
program version 3.0.1 and macros. Age of introduction to solids (weeks) was reported 240 
retrospectively at T2. Infant temperament was explored as a covariate due to its relationship 241 
with maternal infant feeding practices (McMeekin, et al., 2013).  Infant temperament at T1 242 
was assessed using a maternal self-report measure entitled the ‘Short Temperament Scale for 243 
Infants’ (STSI) (Sanson, Prior, Garino, Oberklaid, & Sewell, 1987). The STSI has been 244 
validated for use in Australian samples of infants aged four to eight months (N = 2443) 245 
(Sanson, et al., 1987). The questionnaire has 12 items assessing three factors; (i) approach, 246 
the infant’s level of comfort with new situations or people (four items, e.g. “My baby’s first 247 
reaction (at home) to approach from strangers is acceptance”); (ii) cooperation, the 248 
adaptability of the infant to new activities (four items, e.g. “My baby stays still during 249 
procedures like hair brushing and nail cutting”); and (iii) irritability, the infant’s agitation and 250 
  13 
difficulty to soothe (four items, e.g. “My baby continues to cry in spite of several minutes of 251 
soothing”). All items were measured on a six-point scale from “almost never” (1) to “almost 252 
always” (6) and high scores related to greater approach, cooperation and irritability. An 253 
overall continuous easy-difficult temperament scale ranging from 1 to 6 was calculated from 254 
the three factors by first recoding individual items such that high scores were always 255 
indicative of temperamental difficulty (i.e. low cooperation, low approach and high 256 
irritability), and generating a mean score across all items (Sanson et al., 1987). The internal 257 
reliability estimate for the easy-difficult temperament scale (higher scores indicate more 258 
difficult temperament) was acceptable: Cronbach’s α=0.74. 259 
 260 
Data management and statistical analysis 261 
Statistical analysis was conducted using SPSS Version 21. The CFNS scores and the 262 
potential covariates were normally distributed. Parametric bivariate analyses were used to 263 
explore the association between potential covariates with CFNS score. Pearson’s correlations 264 
were used for continuous covariates, and independent samples t-tests and analysis of variance 265 
(ANOVA) for categorical covariates. Statistical significance was set at p < .05. The 266 
covariates found to have a significant association with CFNS score were included in the 267 
linear regression analyses that followed.  268 
Pearson’s correlations were conducted to test the first three of four steps in mediation 269 
analysis. That is, (i) the independent variable (Awareness of infant hunger and satiety cues; 270 
Concern about infant under-eating and becoming underweight) is significantly associated 271 
with the outcome variable (CFNS), (ii) the independent variable is significantly associated 272 
with the mediator (Pressure to eat or Restriction), and (iii) the mediator is significantly 273 
associated with the outcome variable (CFNS score). In the case(s) where all three of these 274 
criteria were met, mediation analysis was conducted using multiple linear regression 275 
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(adjusting for significant covariates) to calculate B and standard error (SE) of B values which 276 
were used to conduct the Sobel test (http://quantpsy.org/sobel/sobel.htm). The Sobel test 277 
statistic needs to be significant to show mediation. For the regression analyses listwise 278 
deletion of missing data was used reducing the final sample size to 236. In all cases statistical 279 
significance was set at p < .05.  280 
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Results 281 
Characteristics of the sample are shown in Table 1. Initial analyses of potential 282 
covariates revealed only maternal age at delivery (r = .140, p = .029), percentage of 283 
vegetables disliked by mother (r = .19, p = .003), and percentage of fruits disliked by mother 284 
(r = .16, p = .014) were correlated with child food neophobia. No other child and maternal 285 
characteristics were associated with food neophobia (p > .15).  286 
Correlations between early feeding beliefs, child feeding practices and CFNS score 287 
are presented in Table 2. All four early feeding beliefs and child feeding practices were 288 
associated with child food neophobia. Both Concern about infant under-eating and becoming 289 
underweight and Awareness of infant hunger and satiety cues were also associated with 290 
Pressure to eat, but not with Restriction. Thus the effect of Pressure to eat as a mediator of 291 
the association between (i) Awareness of infant hunger and satiety cues and CFNS, and (ii) 292 
Concern about infant under-eating and becoming underweight and CFNS was explored via 293 
multiple linear regression analyses, adjusting for the three significant covariates (maternal 294 
age at delivery, percentage of vegetables disliked by mother and percentage of fruits disliked 295 
by mother) (see Table 3).  296 
The regression model including Awareness of infant hunger and satiety cues, 297 
maternal age at delivery, percentage of fruits and percentage of vegetables disliked by mother 298 
explained 9.7% of the variance in food neophobia (R2 = .097, adj R2 = .081, F(4, 231) = 6.18, 299 
p < .001). Lower Awareness of infant hunger and satiety cues was associated with higher 300 
levels of food neophobia (β = -.16, p = .014), however this association was no longer 301 
significant (β = -.11, p = .073) when Pressure to eat (β = .28, p < .001) was included in the 302 
model (R2 = .17, adj R2 = .15, F(5, 230) = 9.46, p < .001) (Table 3). The Sobel test confirmed 303 
the significance of an indirect effect of the association between Awareness of cues and food 304 
neophobia, z = -2.23, p = .025. 305 
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 306 
The regression model including Concern about infant under-eating and becoming 307 
underweight, maternal age at delivery, percentage of fruits and percentage of vegetables 308 
disliked by mother explained 9.1% of the variation in food neophobia (adj R2 = .075, F(4, 309 
231) = 5.78, p < .001). Higher Concern about infant under-eating and becoming underweight 310 
was associated with higher levels of food neophobia (β = .14, p = .03). After adding Pressure 311 
to eat (β = .28, p < .001) to the model (R2 = .17, adj R2 = .15, F(5, 230) = 9.25, p < .001) the 312 
association between Concern about infant under-eating and becoming underweight and food 313 
neophobia was no longer significant (β = .095, p = .13) (Table 3). The Sobel test confirmed 314 
the significance of an indirect effect of the association between Concern about under-eating 315 
and food neophobia, z = -2.23, p = .025. In all models, percentage of vegetables disliked by 316 
mother and maternal age at delivery were significantly associated with food neophobia, p < 317 
.05.   318 
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Discussion 319 
The current study is the first to examine the relationships between early maternal 320 
feeding beliefs, child feeding practices and the expression of food neophobia in toddlers. 321 
Mothers’ concerns about their four month old infant under-eating and becoming underweight 322 
and lower awareness of their infant’s hunger and satiety cues were associated with the use of 323 
more pressure to eat and higher child food neophobia at two years. As predicted from 324 
previous literature (Wardle et al., 2005; Moroshko & Brennan, 2013; Tan & Holub, 2012), 325 
we also found a cross-sectional association between controlling feeding practices, namely 326 
pressure to eat and restriction, and greater child food neophobia at two years. Whilst pressure 327 
to eat showed a moderate (r > .30, p < .001) association with child food neophobia the 328 
relationship between restriction and food neophobia was weak and only marginally 329 
significant (r = .13, p = .043). The key finding of the present study was that the use of 330 
pressure to eat mediated the relationships between early feeding beliefs and later child food 331 
neophobia. These results suggest that mothers’ feeding beliefs expressed early in their child’s 332 
life may precipitate the use of controlling feeding practices (specifically pressure) and the 333 
expression of food neophobia at two years. However, given the bi-directional nature of the 334 
mother-child feeding relationship (Ventura & Birch, 2008), we are unable to rule out the 335 
possibility that infant feeding (i.e., eating) difficulties in the early months may in fact 336 
contribute to mothers’ early feeding beliefs.  337 
The results of this study suggest that the expression of food neophobia in later 338 
childhood may to some extent be reduced by addressing mother’s concern about infant 339 
feeding and weight gain and/or improving mother’s awareness of infant hunger and satiety 340 
cues as these appear to increase the use of pressure feeding practices. However, the 341 
mechanism whereby controlling feeding practices may influence the expression of food 342 
neophobia is yet to be fully elucidated. It is hypothesized that a parent exerting pressure on a 343 
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child to consume offered food may become frustrated with the child’s rejection, adversely 344 
leading to the child attributing these feelings of frustration towards the food (Dovey, Staples, 345 
Gibson, & Halford, 2008). Consequently, the child may continue to reject the food when 346 
presented in the future due to the association between the food and the parents’ exasperation. 347 
Further research is required to substantiate this hypothesis, and provide further understanding 348 
of the mechanism between controlling feeding practices and food neophobia.  349 
The promotion of positive feeding practices, specifically repeated neutral exposure of 350 
new foods to facilitate acceptance and thereby increased dietary variety is also likely to be 351 
critical (Campbell and Crawford, 2001). Although infants may require only a few exposures 352 
for acceptance of a novel food (Maier, Chabanet, Schaal, Issanchou, & Leathwood, 2007; 353 
Sullivan & Birch, 1994), toddlers may require between five to ten exposures (Birch & 354 
Marlin, 1982; Birch, McPhee, Shoba, Pirok, & Steinberg, 1987) and children aged 3-4 years 355 
may require up to 15 exposures (Sullivan & Birch, 1990). However parents typically do not 356 
persist in offering new foods if they believe their child dislikes the food (Cooke et al., 2004).  357 
Encouraging mothers to adopt these positive feeding practices and to avoid the use of 358 
controlling feeding practices such as pressure to eat may be challenging if the complex 359 
reciprocal nature of the parent-child feeding relationship is not also taken into account. Child 360 
characteristics including temperament (McMeekin, et al., 2013) and responsiveness to foods 361 
(Carnell, Cooke, Cheng, Robbins, & Wardle, 2011) have been associated with parent’s use of 362 
different feeding practices. A major limitation of the present study was the lack of a measure 363 
of infant appetite/eating behaviours at four months. Although not available until after the 364 
NOURISH study protocol was developed, the Baby Eating Behaviour Questionnaire 365 
(Llewellyn, van Jaarsveld, Johnson, Carnell, & Wardle, 2011) would have been an ideal 366 
measure of early infant eating behaviours to include in the analyses. There is clear impetus 367 
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for further research to investigate specific infant eating behaviours or feeding difficulties that 368 
may elicit these feeding practices associated with later food neophobia.   369 
Study limitations 370 
There were some limitations to the current study. Firstly, rather than using a 371 
prospective design the study reports secondary analysis from participants enrolled in the 372 
control arm of an RCT. Secondly, all data, excluding maternal and child weight and height, 373 
were collected via self-report and are thus prone to bias. However a self-report is an 374 
acceptable and widely used technique to gather information in this research area (Santos, 375 
Kain, Dominguez-Vásquez et al., 2003). Thirdly, it is also uncertain if the findings can be 376 
generalized beyond first-time English-speaking mothers who delivered a healthy, full-term 377 
infant and live within the Australian metropolitan context. Selection bias, although common 378 
and often unavoidable in intervention trials, must also be considered in extrapolating the 379 
results beyond the research context. Assessment of participation bias in the NOURISH 380 
intervention revealed that mothers who agreed to participate were two to three years older 381 
with a higher education level, an increased likelihood to have a spouse and reduced 382 
likelihood to have smoked during pregnancy than mothers who did not participate. The bias 383 
in our sample may have contributed to limited variance on some of the variables. For 384 
instance, the number of listed vegetables disliked by mothers in the sample was very low 385 
(9%) and given that this variable was positively related to child food neophobia in the 386 
multiple regression analyses it is likely that overall level of neophobia in this sample of 387 
children was also quite low. Similarly, the older age of the mothers in the sample may also 388 
have contributed to a relatively low level of food neophobia given that maternal age was 389 
inversely related to food neophobia in the multiple regression analyses. Thus, replication of 390 
the present findings in a more diverse sample, and one which includes more neophobic 391 
children, would be of value. Another related limitation is that the present sample did not 392 
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include fathers. Both parents contribute to the child’s feeding environment and thus may 393 
influence later eating behaviours (Mallan et al., 2014).  394 
Conclusion 395 
The current study contributes to our understanding of the relationships between 396 
maternal feeding beliefs, practices and level of food neophobia in toddlers. The results 397 
suggest that higher maternal concern about infant under-eating and becoming underweight 398 
and lower maternal awareness of infant hunger and satiety cues when children are four 399 
months of age, are associated with greater expression of food neophobia when children are 24 400 
months of age. In both cases these relationships were found to be significantly mediated by 401 
mothers’ use of pressure to eat at 24 months. Interventions or child health services that 402 
provide mothers with anticipatory guidance on child food neophobia as a developmentally 403 
normal phase may help to reduce the potentially negative impact of feeding practices used to 404 
manage neophobia that may not only exacerbate this behaviour but have other unintended 405 
adverse consequences for the child’s eating patterns and weight status (Faith, et al., 2013; 406 
Ventura & Birch, 2008).  407 
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Tables 545 
Table 1: Sample characteristics. 546 
Variable n % (n) or M ± SD 
Maternal characteristics   
Age at delivery (years) 244 30.4 ± 5.1 
University education (yes) 244 63.1 (154) 
BMI (kg/m2) a 243 26.1 ± 5.6 
Mode of feeding b   
Exclusive or fully breastfeeding 225 56.4 (127) 
Formula feeding only  225 23.1 (52) 
Combination of breastfeeding and formula feeding 225 20.4 (46) 
Maternal food preferences c   
Percentage of total vegetables disliked by mother 244 9.6 ± 11.1 
Percentage of total fruits disliked by mother 244 11.7 ± 13.6 
Percentage of total other foods disliked by mother 244 11.3 ± 13.2 
Child characteristics   
Age at T3 (months) 244 24.1 ± 0.8 
Gender (female) 244 52 (127) 
Birthweight z-score 244 0.4 ± 0.9 
Current (T3) BMI for age z-score 240 0.8 ± 0.9 
Age first given solids d 232 22.7 ± 4.9 
Breastfeeding duration e 238 39.9 ± 27.5 
Temperament f 233 2.5 ± 0.6 
Child Food Neophobia score g 244 13.0 ± 4.0 
a  Mother’s BMI calculated from height and weight data collected at T1 (infants 4.3 ± 1.0 547 
months) 548 
b  Mode of feeding reported at T1 (infants 4.3 ± 1.0 months) 549 
c  Based on percentage of listed items in each category (see Appendix A) ‘disliked’ (Response 550 
options ‘dislikes a lot’ and ‘dislikes a little’ were combined to represent total number of foods 551 
‘disliked’.) 552 
d  Age first given solids  reported retrospectively at T2 (infants 13.7 ± 1.3 months) 553 
e  Breastfeeding duration reported retrospectively at T1/T2/T3 554 
f  High scores indicate a more difficult temperament, Short Temperament Scale for Infants 555 
(Samson, et al. 1987) 556 
g  Total score on Child Food Neophobia Scale (Pliner & Hobden, 1992), with higher scores 557 
indicative of a stronger behavioural display of food neophobia.  558 
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Table 2: Associations (Pearson’s r) between maternal infant feeding beliefs (Baughcum, et al., 2001) reported at T1 (infants 4.3 ± 1.0 months) 
and child feeding practices (Birch et al., 2001) and Child Food Neophobia Scale (CFNS) score (CFNS; Pliner & Hobden, 1992) reported at T3 
(children 24.1 ± 0.8 months).  
Feeding beliefs (1 & 2) and 
practices (3 & 4) M ± SD 1 2 3 4 
CFNS score  
(n = 244) 
1. Awareness of infant hunger 
and satiety cues (n = 236)  4.20 ± 0.47 —  -.21, p = .001 -.16, p = .013 .006, p = .93 -.153, p = .019 
       
2. Concern about infant under-
eating and becoming 
underweight (n = 236) 
1.73 ± 0.61  — .16, p = .015 .001, p = .99 .17, p = .008 
       
3. Pressure to eat (n = 244) 2.24 ± 0.95   — .27, p < .001 .31, p < .001 
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Table 3. Multiple linear regression analyses of the effect of Pressure to eat reported at T3 (children 24.1 ± 0.8 months) (Birch et al., 2001) on 
the association between maternal infant feeding beliefs reported at T1 (infants 4.3 ± 1.0 months) (Baughcum, et al., 2001) and Child Food 
Neophobia Scale (CFNS) score (Pliner & Hobden, 1992) reported at T3 (children 24.1 ± 0.8 months) (n = 236).  
Independent 
variable (x) Mediator (m) Outcome (y) 
Unstandardized regression 




   B (SE) (x) B (SE) (m) β (x) β (m)  
Awareness of 
infant hunger 
and satiety cues 
— CFNS score -1.30 (0.52) — -.16, p = .014 — .097, p < .001 
        
Awareness of 
infant hunger 
and satiety cues 
Pressure to eat CFNS score -0.92 (0.51) 1.16 (0.26) -.11, p = .073 .28, p < .001 .17, p < .001 






— CFNS score 0.91 (0.42) — .14, p = .031 — .091, p < .001 






Pressure to eat CFNS score 0.62 (0.40) 1.18 (0.26) .095, p = .13 .28, p < .001 .17, p < .001 
n.b. all analyses adjusted for maternal age at delivery, percentage of vegetables disliked by mother and percentage of fruits disliked by mother. 
  
